I
n immunocompetent patients, acute retinal necrosis (ARN) is characterised by peripheral retinal necrosis and is associated with retinal arteritis, prominent vitritis, and inflammatory reaction in the anterior chamber. 1 This syndrome, first described in 1971, is mainly caused by either varicella zoster virus (VZV) or herpes simplex virus (HSV). Rare cases are caused by cytomegalovirus (CMV). 1 2 The diagnosis of ARN is usually based on clinical findings and the response to an antiviral agent such as aciclovir.
Despite the clinical criteria proposed by Holland et al in 1994, a diagnosis of ARN may be difficult. Clinical presentations range from focal to extensive retinal necrosis and the clinical course ranges from mild to fulminating. 1 3-5 Moreover, in some patients the clinical findings can be atypical and may not be clear enough to make a definitive diagnosis or to promptly initiate an antiviral agent. The delay in diagnosis can lead to loss of vision that could otherwise be prevented. In addition, similar necrotising retinitis may also occur from non-viral infectious agents including Toxoplasma gondii, bacteria, or fungi. [6] [7] [8] [9] [10] Other disease entities (namely, retinal vasculitis, intraocular tumours, and sarcoidosis) can also present with retinitis that mimics ARN. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Thus, specific and sensitive laboratory tests are necessary to confirm a diagnosis of ARN or the non-viral retinopathies that present with features simulating ARN.
The aim of this study is to detect various causes of necrotising retinitis which present with clinical features that simulate ARN.
PATIENTS AND METHODS
In this retrospective study, we reviewed the charts of 16 patients who were examined between 1994 and 1999 at Pitié-Salpêtrière Hospital, Paris, France. The initial clinical diagnosis for all 16 patients was ARN; all were subsequently found to have non-viral necrotising retinitis. All 16 patients presented with anterior uveitis, vitritis, and/or retinal vasculitis associated with well demarcated areas of mid-retinal or peripheral confluent retinal infiltrates and a clinical aspect of necrosis (fig 1) . Lesions were usually large, multifocal, diffuse, and unilateral. Because of its potential severity and the importance of early antiviral therapy, the diagnosis of necrotising viral retinopathy was initially suspected in all cases.
An anterior chamber paracentesis was performed in 14 patients (table 1) , and three patients also underwent a diagnostic vitrectomy rapidly after referral. Intraocular lymphoma was suspected in one case and two patients presented with retinal detachment complicating retinal necrosis. The vitrectomy sample for patient 15 was submitted for cytology. A volume of 150 ml of aqueous humour (AH) was aspirated using a 30 gauge needle that passed through the limbus; 500 ml of undiluted vitreous were also obtained during the vitrectomy. Informed consent was obtained from all patients. The polymerase chain reaction (PCR) analysis of the AH and vitreous for the herpesviruses and for Toxoplasma gondii were conducted concomitantly with the determination of the Witmer-Goldmann coefficient in paired AH and serum samples. The test results were interpreted by a masked observer who was unaware of the clinical history or the findings of the patient. In addition, serology tests for syphilis, a tailored laboratory examination and a systemic evaluation were performed on all patients. All patients initially received systemic antiviral agents. A diagnosis of Behçet's disease was considered when the patients met the criteria of the International Study Group for Behçet's disease. 21 
PCR analysis
A volume of 10-20 ml of AH was used for each PCR reaction. DNA was obtained by either phenol:chloroform extraction or ethanol precipitation. A single PCR for HSV-1, HSV-2, and Epstein-Barr virus (EBV) was performed as previously described. 22 The amplified products were detected on ethidium stained agarose gels, then characterised by their specific migration pattern before and after digestion with restriction enzymes SmaI and BamHI. The sensitivity of this technique was evaluated at 5610 2 genome equivalents (GEq)/ml for HSV-1 and 2610 3 GEq/ml for HSV-2 by a European quality control HSV test panel. Specific CMV and VZV-PCR assays were performed using published procedures. [23] [24] [25] Using the same technique, 2-20 copies of EBV-DNA could be detected, as previously described. The sensitivity of the published CMV and VZV-PCR tests was evaluated by a serial dilution of infected cell culture supernatants. The results were 10 26 for VZV and 10 25 for CMV plaque forming units. The amplified products were detected on agarose gels, and their specificity was confirmed by hybridisation with digoxigenin labelled specific oligonucleotide probes.
A previously described technique was used to detect T gondii. 26 Briefly, the primers used for amplification were B22 59 AACGGGCGAGTAGCACCTGAGGAGA 39 (sense) and B23 59 TGGGTCTACGTCGATGGCATGACAAC 39 (antisense). The presence of inhibitors within the samples was detected by internal control within reaction mixtures. The sensitivity of the PCR assay was monitored using a control sample that contained a single parasite.
Intraocular anti-T gondii antibody production
The total amount of IgG amount and specific anti-T gondii IgG titre was determined for each serum and AH sample. 26 The total IgG concentration was measured by nephelometry, and specific anti-T gondii titres were assessed by the use of a high sensitivity agglutination test. The Witmer-Goldmann coefficient (C) was calculated by the following formula: C = C1/C2, where C1 = anti-T gondii IgG titre/total IgG concentration within ocular fluid, and C2 represents the same ratio within serum. A Witmer-Goldmann coefficient of 3.0 or greater is considered proof of antibody production within the ocular tissue, thus indicating ocular toxoplasmosis. 26 
RESULTS
Of the total of 16 cases reviewed, seven of the patients were women and nine were men. Their ages ranged from 20 to 85 years (mean 53.6 years). Five of the patients presented with bilateral process. Thirteen of the 16 patients had immune suppression; nine of these were taking systemic corticosteroids or cytotoxic agents; five had haematological abnormalities; and three were HIV positive (table 1). Seven of the 16 patients (43.8%) had a medical history of mucocutaneous or systemic viral infection; there were four cases of HSV, two cases of VZV, and one case of CMV.
The ophthalmological findings are summarised in table 1. Acute retinal necrosis was initially suspected in all patients. All 16 patients presented with at least two criteria for the diagnosis of ARN as defined by the American Uveitis Society, 3 and all received antiviral medication: eight received aciclovir, six received foscarnet, and two received ganciclovir.
Viral serologies were performed for each patient, and all of them were seropositive for VZV, HSV, or CMV. Serology for toxoplasmosis was positive in 13 of the cases. The AH-PCR for T gondii DNA was positive in eight cases (table 1) . However, of the three PCR tests performed for patient 7, the first two were negative, but the third revealed T gondii amplified products. Two AH samples taken from patient 10 were both negative, and the final diagnosis of toxoplasmosis was based on an adequate therapeutic response to antitoxoplasma agents. The Witmer-Goldmann coefficient was positive (greater than 3.0) in three cases (patients 5, 8, and 9) (table 1). Patients 5 and 8 had elevated coefficients (greater than 3.0) for toxoplasmosis in both the AH and vitreous. Herpesviridae DNA analysis was negative in all cases, except for patient 7. VZV-DNA was found in the AH of this patient, but he did not respond to the antiviral agent; 125 days later, a third AH-PCR analysis was positive for T gondii. We could not determine whether the first test result for VZV was a false positive, or if the patient had another infection along with the ocular toxoplasmosis. However, this patient responded to the anti-toxoplasma agents, pyrimethamine and sulfadiazine.
Syphilitic retinitis was diagnosed in two patients after cerebrospinal fluid and blood serologies (Treponema pallidum haemaglutination and VDRL were found positive) (patients 11 and 12) and both responded to penicillin treatment (see fig 2) . Ocular lymphoma was diagnosed in a patient after cytological examination of the vitreous specimen was performed (patient 15). Behçet's disease was subsequently diagnosed in a patient (patient 16) based on the International Diagnostic Criteria. The patient's antiviral drugs were discontinued after the results of an anterior chamber paracentesis for herpesviruses were negative. The patient's intraocular inflammation responded positively to high doses of corticosteroids. The PCR results for the above four patients were negative for herpesviruses and for T gondii. Final diagnosis of aspergillus retinitis was made for two patients (13 and 14) based on subsequent systemic evidence for aspergillosis and the findings of a cerebral MRI.
The patients with a positive PCR and/or the WitmerGoldmann coefficient for T gondii (table 1) and patient 10 received pyrimethamine and sulfadiazine; the latter drug was replaced by clindamycin in one patient because of an allergic reaction. All of the patients with laboratory evidence of T gondii also received systemic corticosteroids.
The two patients with syphilitic retinitis were treated with intravenous penicillin for a 3 week period. One patient died (patient 13) from aspergillus septicaemia before treatment for the aspergillus retinitis could be initiated. A postmortem examination confirmed the diagnosis of aspergillosis. The second patient with culture proved aspergillosis received intravenous itraconazole and intravitreal amphotericin B, but died a few days later from the systemic infection. The treatment of the other cases and final visual acuities are summarised in table 1. Visual acuity was stabilised or improved in 12 patients (75%), and it was improved by more than two lines on the Snellen chart in six patients (37.5%). However, the final visual outcome was worse in those cases with toxoplasmic retinochoroiditis (table 1) . The time between the discovery of initial symptoms and a final diagnosis (table 1) ranged from 3 days to 296 days (mean 106 days). In addition to ocular toxoplasmosis (62.5%), there were other causes of retinitis including ocular lymphoma (6.2%), Behçet's disease (6.2%), syphilitic retinitis (12.5%), and aspergillus endophthalmitis (12.5%).
DISCUSSION
Necrotising retinopathies represent a diagnostic and therapeutic challenge. In such cases, ARN is usually suspected, since it carries a poor visual outcome and a high rate of complications, such as rhegmatogenous retinal detachment. However, as noted in this study, there are other infectious and non-infectious causes that can present with clinical features suggestive of ARN that may also carry a poor prognosis. These simulating conditions include peripheral toxoplasma retinitis, syphilis, Behçet's disease, intraocular lymphoma and aspergillosis. Since a vast majority of the patients have positive serologies for herpesviruses and for T gondii, such laboratory investigations may not be helpful in reaching proper aetiological diagnosis. However, serology for syphilis proved to be useful in this series of patients.
Paracentesis is a safe procedure that allows for PCR analysis of AH for the detection of infectious agents. 27 The procedure is useful in the diagnosis of ARN and progressive outer retinal necrosis in both immunocompromised and immunocompetent patients. 19 27-32 It may also confirm a clinical diagnosis of herpetic infection, with a sensitivity ranging from 50% to 100%. We have recently reported a series of 22 patients (29 eyes) who presented with necrotising herpetic retinitis, and AH-PCR reliably detected the pathogenic agent in 86.4% of the cases. 22 Patients with necrotising herpetic retinopathies were younger (mean age: 44.1 years) than those reported in our present series (mean age 53.6 years). Compared with atypical toxoplasmosis, viral retinopathies have a dramatically rapid evolution. In the latter, the whole peripheral retina may be involved within a few days or a few weeks leading to retinal necrosis, retinal detachment, and permanent visual loss. Therefore, the mean duration before diagnostic confirmation was 4.5 weeks in the group with viral retinopathy and 8.5 weeks in the group with atypical toxoplasmosis. Aspergillosis may have the same type of evolution but death occurs rapidly as a result of systemic infection and despite specific therapy. The evolution of ocular lymphoma is similar to that of atypical toxoplasmosis. Based on our previous studies, it seems that the diagnosis of necrotising viral retinopathy may be overestimated in 30% of cases before molecular diagnosis. Current and previous studies of highly sensitive and specific PCR based assays may contribute to both the diagnosis and the management of patients with necrotising retinitis. The benefit of a test reliable enough to produce a rapid, accurate diagnosis and lead to appropriate treatment may outweigh the theoretical risks of the procedure.
It has been reported that PCR analysis of both aqueous and vitreous were equivalent measures for the detection of viral DNA in patients presenting with ARN. 28 False positive results are exceptional.
19 33 Knox et al and Garweg and Bohnke studied the usefulness of herpesvirus DNA identification in atypical cases of retinal necrosis. 19 34 They confirmed both the sensitivity and specificity of this method: no more than one herpesvirus genome was found in viral retinitis, and there were no false negative results for toxoplasmosis, syphilis, Behçet's disease, or idiopathic retinitis. However, false positive results have been reported in two patients with endophthalmitis who had positive VZV nucleic acid sequences and two other cases of toxoplasmic retinochoroiditis that revealed amplified CMV-DNA. 32 33 In our series, the PCR for patient 7 initially indicated the presence of VZV nucleic acid amplified products, but the patient was subsequently diagnosed with toxoplasmic retinochoroiditis based on therapeutic response; repeated tests confirmed toxoplasma DNA amplified products in the AH.
A Witmer-Goldmann coefficient determination for the AH may also be useful in the diagnosis of toxoplasmic retinochoroiditis. [35] [36] [37] [38] According to Davis et al, a simultaneous coefficient determination for both T gondii and the herpesviruses is essential for the interpretation of positive results for necrotising retinitis, and they consider a coefficient of more than one to be significant. 39 Davis et al also found a 78% sensitivity and a 90% specificity in the diagnosis of ARN by Witmer-Goldmann coefficient determination. However, false negative results have been reported in immunocompromised patients; de Boer reported two immunocompromised patients who did not produce local antibodies, but whose aqueous samples contained T gondii DNA. 27 In our series, PCR analysis for T gondii seems to be a more sensitive indicator than does the coefficient determination in immunocompromised patients. Patients 1, 2, 3, 4, and 6 had no local antibody production, even though the PCR analysis was positive. Alternatively, patient 9 was immunocompetent, but also had a positive coefficient determination. These results are similar to our previous report on the diagnosis of toxoplasma retinitis in an immunocompromised host. 26 Montoya found a 100% sensitivity and specificity for T gondii DNA in the vitreous fluid of patients with ocular toxoplasmosis. 40 However, de Boer et al, Bou et al, and Aouizerate et al highlighted the lack of sensitivity of this method. 27 41 42 Similarly, in a series of 31 healthy patients with a clinical diagnosis of ocular toxoplasmosis, Garweg and Bohnke found only one positive PCR result out of 43 AH samples that were tested. 34 In immunocompetent individuals, the lack of sensitivity of this method may be alleviated by employing the Witmer-Goldmann coefficient determination. 36 42 In our present series, the coefficient was the same in both the AH and vitreous. Although we did not compare the aqueous and vitreous humour antibody coefficients, our study showed other causes for the necrotising retinitis in both immunocompetent and immunodeficient patients (table 1). Davis et al considered both AH and vitreous to be equivalent determinants of local antibody production. 39 Atypical toxoplasmic retinochoroiditis continues to be the primary differential diagnosis for ARN, as revealed in this study. More than 62% of the cases that were initially diagnosed as ARN were subsequently re-evaluated as toxoplasma retinitis. Our results are similar to others who also named toxoplasmosis as the primary differential diagnosis for ARN in immunocompromised individuals. 40 43-49 However the present study has also revealed other causes for the necrotising retinitis, both in immunocompetent and immunodeficient patients (table 1) .
In the present study, all 16 patients complained of having had blurred vision for several weeks (mean 3 months) and they all presented with anterior uveitis and vitritis. All 16 patients also had retinal necrosis without retinochoroidal scars. Taken together, these findings led to the diagnosis of ARN. The typical presentation of ocular toxoplasmosis includes focal retinitis at the border of a pre-existing pigmented retinochoroidal scar. Such typical manifestations may not be observed in all cases. However, there are some clinical features that can help to differentiate between ocular toxoplasmosis and ARN. In our series, the majority of patients presented with a large focus or multiple smaller foci of peripheral necrotising retinitis without adjacent pigmented retinal scars. Other features of disease may help to distinguish viral infections from parasitic retinitis. In the latter, the yellow-white aspect of lesions is denser, borders have a distinct, smooth contoured edge, retinal haemorrhages are less frequent, and vasculitis is located near necrotic foci. According to Johnson et al toxoplasmosis is less likely to involve the peripheral retina than ARN, or to include thumbprint patches at the border that lies between the necrosis and the normal retina. 45 Additionally, toxoplasmosis may reveal the presence of some uninvolved retina between the necrosis and the ora serrata. In the present study, these clinical features could not be appreciated because all of them had significant amounts of vitritis. Thus, PCR analysis was helpful for the diagnosis of toxoplasmosis and for differentiating between it and viral retinitis, fungal infections, or lymphoma. The present study also revealed the need for an extended treatment period (mean 15.6 weeks) in patients with toxoplasmosis. These cases may also have a poor visual prognosis (table 1) .
In this series, ARN was initially suspected at the clinic evaluations; therefore, the patients received the antiviral therapy. The present study also demonstrates the importance of performing the proper diagnostic procedures to confirm aetiology. Disease progression despite the use of antiviral drugs, may be associated with a resistant form of viral retinitis, and would require a more aggressive therapy; but there is also a distinct possibility of the presence of other non-viral infections or of a malignant condition. When either a viral infection or ocular toxoplasmosis are suspected, AH analysis by PCR and the use of the Witmer-Goldmann coefficient appear to be the best methods for a final diagnostic confirmation. Results may also be obtained within 72 hours. Both antiparasitic and antiviral regimens may be required until a final diagnosis is obtained. Antiviral therapy was discontinued as soon as molecular diagnosis was confirmed. An average of 7 days was necessary in our series from ocular sampling until final diagnosis, leading to discontinuation of antiviral drugs. However, detection of specific intraocular antibody production may be negative if paracentesis is performed too early during the course of infection. This is usually not observed in long lasting, extensive T gondii infection of the retina, in immunocompetent hosts. However, PCR will be more informative in immunocompromised patients. Molecular diagnosis of ocular toxoplasmosis is the major and earliest criteria for discontinuation of antivirals. The efficacy of antiparasitic drugs is an important, but secondary condition, as it may be evaluated only after a few weeks.
In conclusion, our study reveals that in addition to atypical toxoplasmic retinochoroiditis, there are several other disease entities that may mimic ARN; and the most common of these appears to be peripheral toxoplasma retinitis. Serology may not be helpful in differentiating between toxoplasmosis and viral retinitis. Aqueous humour analysis by PCR and a Witmer-Goldmann coefficient determination, along with other diagnostic proceedings are helpful for a proper diagnosis and for disease management. Similar to ARN, toxoplasma retinochoroiditis may also carry a poor prognosis in immunocompromised individuals.
